Abstract. Corrugated plates of wave form made of isotropic elastic material were considered as flat orthotropic plates with corresponding orthotropic constants determined empirically by the Seydel's technique. In some recent researches the extension of this technique was given for corrugated laminated composite plates.
INTRODUCTION
Corrugated plates of wave form made of isotropic elastic material were considered as flat orthotropic plates with corresponding orthotropic constants determined empirically by Seydel's technique. This approach was acceptable to solve many bending and stability problems of corrugated isotropic elastic plates in practice [4, 5, 7] . However, the analysis of corrugated laminated composite plates has received comparitively little attention.
In [1] the authors developed the Seydel's technique to the bending problems of corrugated laminated composite plates and cylindrical shells. In the stability problem of corrugated laminated composite plates [2] besides bending stiffnesses to be extended it is necessary to formulate extensional stiffnesses and to define more exactly the strain expression by including the curvature of middle surface of corrugated plate. But the extension of Seydel's technique to corrugated composite plates meets with difficulties in determination of corresponding constants and experimental verification of these constants. Consequently, obtained calculation may not describe the real state of corrugated laminated plates.
In other hand, nowaday corrugated laminated composite plates and cylindrical shells are widely used and their static and dynamic problems with geometrical non-linearity are of significant practical interest, particularly stability and post-buckling behavior of composite plates and shells is more important. Therefore it needs more accuracy in investigating corrugated composite plates and shells.
In order to eliminate this restriction, a new approach for investigating corrugated composite plates of wave form is proposed naturally in the present paper, regarding this plate as a combination of shallow cylindrical shell parts with alternative curvatures. It reduces to no use of Seydel's empirical formulas and can sufficiently apply not only to an isotropic elastic corrugated plate, but to a composite corrugated plate as well.
Based on this approach governing equations of a corrugated laminated composite plate of wave form are developed and an application to the non-linear stability problem of this plate is considered. Obtained results are compared with those of Seydel's technique.
GOVERNING EQUATIONS
Consider a rectangular symmetrically laminated composite corrugated plate in the form of a sine wave (see Fig. 1 ), each layer of which is an unidirectional composite material. Suppose the portion of cross-section line of a corrugated plate in the plane (x, z) has the form of a sine wave z = H sin πx l with H << l, so that the alternative curvature of cross-section line is
Based on the new approach the non-linear strain-displacement relationships in the middle surface and the changes of curvature and twist of a such corrugated plate now can be written in the form
where u, v denote displacements of the middle surface point along x, y directions and w -deflection of the plate respectively; ε x , ε y , γ xy are strains in the middle surface and χ x , χ y , χ xy are changes of curvatures and twist of the plate.
The constitutive stress-strain relations for the plate material are omitted here for brevity. Integrating the stress-strain equations through the thickness of the plate and taking into account that in a multilayered symmetrically laminated material the coupling stiffnesses are equal to zero, while the extensional stiffnesses A 16 , A 26 and the bending stiffnesses D 16 , D 26 are negligible compared to the others, we obtained the expressions for stress resultants and internal moment resultants of a corrugated composite plate of wave form
and
where A ij , D ij (i, j = 1, 2, 6) are extensional and bending stiffnesses of any laminated plate, i.e. for a flat composite plate such as a corrugated one. The geometry of a plate includes in the expressions of strains and curvature changes. Indeed, it is an advantage of the new approach.
FORMULATION OF EQUILIBRIUM EQUATIONS
The equilibrium equations of a corrugated plate of wave form subjected to uniformly distributed biaxial compressive loads of intensities p and q respectively according to [6, 8] when considering the non-linear geometry are of the form
The substitution of equations (2) and (3) into equations (4) results a system of equilibrium equations in terms of displacements 
The system of equations (5) combined with boundary conditions are solving equations of the problem. For a simply supported plate the boundary conditions are at edges x = 0 and x = a : w = v = 0, M x = 0, at edges y = 0 and y = b :
Remark. With k = 0 the system of equation (5) reduces to a system of partial differential equations of equilibrium of a flat composite plate considered in [3, 6] . An approximation is acceptable in representation of the buckling mode shape by using a single term of a double Fourier series. The boundary conditions (6) can be satisfied if a buckling mode shape is of the form
where m, n are natural numbers representing the number of half waves in the x and y directions respectively.
Substituting expressions (7) into the equation of eqilibrium (5) The first two equations of this set are linear algebraic equations for U mn , V mn , in turn which can be expressed in terms of W mn . Then substitution of results into the remaining equation of equilibrium (8) yields a non-linear algebraic equation with respect to W mn as following
where a ij and b i are coefficients depending on the material, geometry of plate and buckling mode shape 
Note that the parameter ξ occuring in (10) is a ratio of compressive loads q/p, since the plate is working in the elastic stage, so in the case of simultaneous action of loads p and qwe can put here q = ξ.p.
Considering the plate after the lost of stability, i.e. W mn = 0, from (9) it follows that
The upper critical load which coincides with the linear buckling load can be found from equation (11) by putting W mn = 0
The critical load q is determined by q upper = ξp upper . From equation (11) the compressive load can be represented through W mn
The lower buckling load of the corrugated composite plate can be determined by using the condition ∂f (W mn , ξ) ∂W mn = 0, finally we get .
Numbers m, n must be chosen such that the absolute value of the critical buckling load p is minimum.
According to each value ξ, i.e. to each loading process, we can get from (12) and (13) upper and lower critical loads p respectively, then critical loads q is defined by q = ξp.
The domain limited by the upper and lower buckling loads is called the unstable domain of a corrugated composite plate.
Particularly, for a flat composite plate with k (x) = 0, in this case H = 0, the coefficients in (10) a 13 = a 23 = a 31 = a 36 = 0 so that b 2 = 0, from the equations (12) and (13) we can see that the upper and lower critical loads coincide each other and are equal to the following value:
For a flat composite plate there isn't an unstable domain, while for a corrugated composite plate that exists.
NUMERICAL EXAMPLES
For comparison of two approaches to investigate corrugated composite plates -Seydel's technique and proposed one -let's consider a simply supported rectangular corrugated symmetrically laminated plate in the form of a sine wave such as in [2] Fixing the values H, l and h, relation between the critical buckling load and the dimension ratio b/a is represented in the Fig. 3 . From obtained results one can see that calculating results based on Seydel's technique for composite corrugated plates are greater than those based on proposed approach. It is possible the stiffnesses calculated by Seydel's technique may be greater than real ones of the corrugated plates. Consequently, for approving the accuracy of Seydel's technique and proposed approach to investigate corrugated composite plates it is necessary to establish experimental verification.
CONCLUSION
The proposed approach for investigating corrugated plates of wave form is quite natural without additional assumptions, because a corrugated plate of wave form exactly consists of cylindrical shell parts with alternative curvatures, so we can apply the shell theory in the consideration.
Based on the new approach the governing equations for corrugated plates of wave form are developed. These equations can be applied to consider static and dynamic problems of not only corrugated isotropic elastic plates but corrugated composite plates as well.
Applying obtained equations and using Bubnov-Galerkin method an approximated analytical solution to the non-linear stability problem of corrugated laminated composite plates subjected biaxial loads is investigated.
Obtained results are compared with those calculated by Seydel's technique and some conclusions are derived.
